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9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The objectives of this project were: (a) to develop new, novel,
stereospecific general methods for the preparation of thermally stable
polyfluorinated organometallic reagents. An adjunct of this strategy was
to elucidate the structure of these reagents and to develop their
application particularly for the synthesis of functionalized fluorocarbon
derivatives; (b) to utilize commercially available precursors (where
applicable) as the source of fluorine in reactive intermediates in order to
facilitate utilization of the synthetic methodology by other workers and to
assist scale up of the preparative procedures; (c) to develop single electron
transfer (SET) methodology as a useful, easily scaled-up synthesis of
functionalized fluorine-containing compounds; (d) to utilize fluorine-
containing ylides as synthetic intermediates in the synthesis of a-fluoro-
a,3-unsaturated esters; and (e) to develop Pd(O) catalyzed processes for
the preparation of perfluoro vinyl or polyfluoroaryl functionalized
derivatives.

Initial efforts were directed to the stereospecific preparation of E-
vinyl iodides as precursors to f-vinyl organometallics. A successful
approach to E-l-iodopentafluoropropene was developed from
hexafluoropropene (HFP) via reaction of HFP with tertiary phosphines to
give the Z-perfluoropropenyl phosphorane. Subsequent hydrolysis of the
vinyl phosphorane gave E-l,2,3,3,3-Pentafluoropropene. Treatment of this
E- 1-hydro-E-propene with SbF5 gave Z- 1,2,3,3,3 -Pentafluoropropene.
Subsequent metallation of the Z-I-hydro-E-propene (with n-BuLi) and
iodination of the organic lithium intermediate gave pure E-1-
Iodopentafluoropropene. Trifluorovinyl iodide and both E- and Z-l-
iodopentafluoropropenes are stereospecifically converted to the
corresponding E-vinyl zinc reagents. These E-vinyl iodides readily
participate in Pd(O) catalyzed reactions; with terminal alkynes, we have
developed a general stereospecific route to fluorinated enynes. Similarly,
fluorinated aryl iodides undergo Pd(O) catalyzed coupling reactions with I-
alkynes and this methodology provides a high yield, easily scaled-up entry
to polyfluorinated aryl alkynes and di-ynes.

A variety of polyfluorinated cadmium, zinc and copper reagents have
been developed as synthetic reagents for the introduction of
polyfluorinated alkyl, allyl and aryl groups. Perfluoroisopropylcadmium
and copper were prepared and the stability and reactivity of these
secondary perfluoroallyl organometallics was investigated. A new, novel
generation of trifluoromethylcopper was developed based on the cheap



precursor, chlorodifluoroacetate. It was also unequivocally demonstrated
that trifluoromethylcopper(I) could be cleanly oxidized to a stable
trifluoromethylcopper(III) and the first example of a
perfluoroalkylcopper(lIl) complex was prepared and its structure
demonstrated by x-ray crystallography. The first preparation of
perfluoroallyl cadmium and copper reagents was developed and
applications of these novel E-allylic organometallics were demonstrated.
Similarly, the facile preparation of F-phenyl Mono- or Bis-cadmium and
copper reagents was developed from the commercially available brolno- or
iodopentafluorobenzene and 1,2-dibromotetrafluorobenzene, and the
application of these novel reagents for the synthesis of functionalized F-
aryl derivatives was demonstrated. The first practical preparation of
perfluoroalkyl allenes and difluoromethyl allenes was developed from the
reaction of perfluoroalkyl copper and difluoromethyl copper reagents with
propargyl chlorides and tosylates. In contrast to previous reports, this
methodology provided a safe and facile route to these perfluorinated
building blocks. The functionalized organometallic, (RO)2P(O)CF2ZnBr, was
developed as a useful stable organometallic reagent and could be utilized
in the first, high yield practical synthesis of the novel fluorinated chelating
agent, (RO)2P(O)CF=CFP(O)(OR) 2 (where R = H, Et). This reagent was also
utilized in regiospecific allylation reactions and provided a useful synthetic
route to l,l-difluoro-3-alkenephosphonates. The trifluorovinyl copper
reagent was utilized for the development of diene precursors which could
be reacted with sulfur trioxide (sulfonation) to give novel fluorinated 0-

sultones. Ring opening of these sultones gave novel fluorinated sulphonyl
fluorides useful in polymerization studies. The commercially available
olefin, 3-bromo-3,3-difluoropropene, was utilized in the metal mediated
regiospecific gjm.-difluoroallylation of aldehydes and ketones as an entry
to a,a-difluorohomoallylic alcohols. The regiospecificity was correlated
with theoretical studies of the 1,1-difluoroallylic anion.

SET chemistry was developed for the regiospecific addition of
iododifluoroacetates and iododi 1 uoromethylphosphonates to functionalized
alkenes. Reduction of the adducts with a new Ni0 catalyst provided a
practical synthetic route to a.a-difluoro-functionalized esters and a,a-
difluoro-functionalized phosphonates. The SET methodology avoided the
use of expensive, toxic and hazardous reagents and provided the first
practical, easily scaled-up, safe route to these important fluorinated
precursors. Similar strategy was utilized to accomplish a useful
preparation of allylsulphonyIdifluoroacetates and acetamides. A
combination of organometallic chemistry and SET chemistry was employed
in the preparation of the mixed acid, (HO)2P(O)CF2SO 3H.



Alkylation and acylation reactions of a-fluorocarboalkoxy
phosphorus ylides (phosphonium and phosphonate) were developed as a
useful entry to precursors, which could be readily hydrolyzed (aqueous
NaHCO3) to a-fluoro ester and a-fluoro-p3-keto esters. An adjunct of this
strategy resulted in the development of a reduction olefination reaction of
fluorinated esters. This methodology provided an efficient synthesis of a-
fIuoro-a,[0-unsaturated esters directly from polyfluorinated esters. Thus,
the necessity to prepare the easily hydrated and easily polymerized
pr ifluorinated aldehydes was avoided. This methodology was utilized to
develop a practical, large scale synthesis of the monomer, ethyl-2-
fluoroacrylate.
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